INTRODUCTION
Coronary artery disease is the most common cause of cardiac morbidity and mortality in industrial countries (1) . The use of interventional cardiovascular procedures has expanded beyond all expectations due to considerable technical and procedural progress within the last decade. Currently, more than one million procedures are performed each year (2) and the use of coronary stents is widespread and increasing. A major limitation of invasive procedures is the development of restenosis in the dilated vessel, usually within 6 months after the procedure. Despite the fact that stenting may decrease restenosis following percutaneous coronary intervention (3), the majority of adverse outcomes after coronary interventions is due to in-stent restenosis.
In-stent restenosis is due to neointimal hyperplasia (4) . More than 90% of the cellular compartment of the neointima consists of migrated and proliferated coronary artery smooth muscle cells (CASMC) originating from the tunica media (5).
In-stent restenosis develops within a complex pathophysiological background. Several independent and partially redundant pathways may lead to neointima formation (for review see 6). In the clinical setting, there are well-defined risk factors which increase the probability of restenosis. These include diabetes mellitus and arterial hypertension (7) . However, the majority of patients develop restenosis despite reasonable therapy of treatable risk factors. Therefore, genetic risk factors may play the most important role in the disease development (7) . To further elucidate the pathophysiology of restenosis, to predict the restenotic risk for an individual patient and to identify new therapeutic targets, it is important to identify and characterize genes critically involved in CASMC migration and proliferation which may be critical in the positive or negative regulation of vascular restenosis.
The transcription factor interferon regulatory factor 1 (IRF-1) was originally characterized as a regulator of the interferon beta gene family (8) . During recent years there has been growing evidence that IRF-1 encompasses a broader biological spectrum and may act as a tumor suppressor, even in the absence of interferon (9) . Recently, Horiuchi et al. (10) reported that IRF-1 plays a role in regulating cell proliferation of smooth muscle cells: the protein is downregulated in proliferating cells and upregulated in quiescence. In addition, IRF-1 can directly bind and activate the NOS2 promoter, thus potentially supporting restoration of endothelial function following vessel injury (11) . Therefore, we aimed to investigate if this transcription factor is involved in neointima formation.
The intention of this study was to analyze the significance of IRF-1 as a potential inhibitor of neointima formation in vivo in restenotic human lesions harvested during vessel surgery and in a murine model of neointimal hyperplasia. Furthermore, we sought to investigate the effect of IRF-1 on landmark characteristics of neointima formation in a cell culture model of low passage human coronary smooth muscle cells: influence on mitogen induced proliferation and migration, the induction of NO and interference with cell cycle and its G 1 regulatory proteins. Some of these mechanisms have been characterized in different, mainly transformed cell lines but have not been proven to exist in coronary artery smooth muscle cells. Finally, we examined the effect of recombinant overexpression of IRF-1 to inhibit neointima formation.
RESULTS

IRF-1 is consistently induced in human neointima and colocalizes with p21
To characterize IRF-1 expression in human neointima we collected 20 histological specimens harvested during vascular thromboendatherectomy due to symptomatic restenosis. The samples included carotid (n ¼ 16) and femoral lesions (n ¼ 4). Tissues were stained against IRF-1, p21 and the S-phase marker KI-67. In 85% of the samples (17/20), IRF-1 staining was detectable. This is in accordance with the number of human atherectomy samples derived from restenotic coronary arteries that were positive for IRF-1 mRNA expression examined by microarray analysis (12) . IRF-1 was particularly upregulated in cell-rich areas with low extracellular matrix content (Fig. 1A) . KI-67 staining was rare and could be detected occasionally in smooth muscle cells within cell rich lesions (Fig. 1C) . The pattern of p21 expression was similar to IRF-1 (Fig. 1B) . The CDK inhibitor colocalized with IRF-1 in cellrich lesions. IRF-1 and p21 staining in matrix-rich regions with low cellular content was rare, KI-67 could not be detected in these lesion areas (data not shown). Neointimal cells staining positive for IRF-1 were predominantly smooth muscle cells as confirmed by immunostaining against smooth muscle actin (Fig. 1D) . These data suggest a role for IRF-1 as an important factor involved in the endogenous limitation of smooth muscle cell proliferation in vivo.
IRF-1 is critical for the limitation of neointima formation in vivo: IRF-1 knockout mice display increased neointima formation following vessel injury Since IRF-1 upregulation correlated with elevated p21 expression and decreased proliferation, we wished to determine if loss of the IRF-1 tumor suppressor gene enhances neointima formation. To elucidate the role of IRF-1 in restenosis following vascular injury, we analyzed IRF-1 knockout mice. Twenty-eight days after the induction of flow cessation in the mouse common carotid artery, histomorphometry was performed 600 mm proximal the ligation side. Quantitative morphometry revealed a significant increase of neointima formation in IRF-1 deficient mice compared with wild-type controls with identical genetic background (Fig. 2) , supporting a key role of IRF-1 in limiting restenosis.
IRF-1 induces cell cycle arrest in coronary artery smooth muscle cells
Having identified IRF-1 as an inhibitor of neointimal hyperplasia in vivo we sought to determine the mechanism how IRF-1 acts on human coronary artery smooth muscle cells (CASMC). CASMC were synchronized by serum withdrawal. Twenty-four hours prior to mitogen stimulation, cells were transduced by the appropriate adenovirus vector, encoding for either IRF-1 (Ad-IRF-1) or as a control lacZ (Ad-lacZ). There was a significant decrease of BrdU incorporation in IRF-1 overexpressing cells compared with Ad-lacZ or non-virally transduced cells (Fig. 3A) . Cell cycle analysis by propidium iodine flow cytometry revealed cell cycle arrest by IRF-1 in the G 0 /G 1 phase (Fig. 3B) . Interestingly, at the time point of flow cytometry analysis, no significant upregulation of interferon b in CASMC supernatant could be detected (data not shown), implying a direct mechanism of IRF-1-induced cell cycle inhibition.
IRF-1 leads to CDK inactivation and induces the CDK inhibitor p21
The cyclin A/cdk2 kinase complex is activated in late G 1 at the G 1 /S transition (13) and can be inhibited by cycle dependent kinase inhibitors of the cip/kip family (14) . Therefore, considering the cell cycle inhibitory effect of IRF-1, cyclin A/cdk2 activity may be repressed by IRF-1. To investigate this hypothesis, synchronized CASMC were infected 24 h prior to mitogen stimulation. Twenty-four hours after mitogen stimulation, cellular protein was isolated and kinase activities were determined. The activity of immunoprecipitated cyclin A/cdk2 was measured in vitro against the substrate histone H1. As shown in Fig. 3C , IRF-1 overexpression leads to a significant dose-dependent decrease of cyclin A-associated histone H1 kinase activity. IRF-1 overexpression may therefore lead to CDK inactivation, resulting in cell cycle arrest of CASMC.
CDK inactivation and subsequent growth arrest can be accomplished by a number of mechanisms. In G 1 control, regulation by CDK inhibitory proteins (CKIs) plays a prominent role. Cip/Kip proteins like p21 and p27 can bind to and inhibit a broad spectrum of CDK complexes. A single molecule of p21 inactivates cyclin A/Cdk2 kinase (14) . p21 is a transcriptional target of the tumor suppressor p53. Since p53 and IRF-1 share common DNA-binding motives (15), we speculated that p21 might also be directly induced by IRF-1 in CASMC. It was demonstrated recently that IRF-1 can induce p21 in Friend leukemia cells (16) . Further, p21 overexpression has been proven to be effective in limiting neointima formation in the rat carotid injury model (17) . Tanaka et al. (18) were able to show that p21 is regulated in response to DNA damage by both p53 and IRF-1 in mouse embryonic fibroblasts. Therefore we wished to determine whether IRF-1 was able to directly induce the p21 promoter in differentiated, non-transformed coronary artery smooth muscle cells. A construct containing a firefly luciferase encoding gene under the control of the p21 promoter sequence was cotransfected with either a plasmid vector encoding for IRF-1 or lacZ as a control into CASMC. As shown in Fig. 4A , there was a significant induction of luciferase expression in IRF-1 transfected CASMC as compared with the lacZ control. To confirm these findings, western blotting was performed following recombinant IRF-1 expression in CASMC. Again, compared with the controls, there was an elevated p21 expression level detectable when IRF-1 was overexpressed in CASMC (Fig. 4B) . Therefore, p21 induction may be responsible for CDK inactivation as observed in IRF-1 transduced cells (Fig. 3C ).
IRF-1 induces NO synthesis in CASMCs
Nitric oxide (NO) was identified in numerous studies as an important molecule in vascular biology which may improve endothelial function (19) and lead to cell cycle arrest in smooth muscle cells (20) . Overexpression of inducible NO-synthase (NOS2) significantly limits neointima formation following vascular injury (21) . It has been shown previously that IRF-1 transcriptionally binds to and activates the NOS2 promoter (11), however, it is not known whether IRF-1 may induce NO synthesis in coronary artery smooth muscle cells. Compared with non-virally transduced and Ad-lacZ infected cells, we could detect a significant increase in NO production following IRF-1 overexpression (Fig. 3D ).
Inhibition of mitogen induced smooth muscle cell migration by IRF-1
Cell migration is a key pathophysiological event in restenosis. To investigate whether enhanced IRF-1 expression has an effect on mitogen-induced CASMC migration we used a Boyden chamber assay. This assay measures haptotaxis induced by a fibronectin gradient. Twenty-four . KI-67 as a proliferation marker stained only occasionally or not at all in these lesions, as displayed in (C). IRF-1 was not found to be coexpressed with KI-67. The inserted image in the upper right corner of (C) shows a positive control for KI-67 staining. Matrix rich lesions with low cellular compound stained mainly negative for both IRF-1 and p21 suggesting already abrogated proliferation. This was confirmed by complete lack of KI-67 staining in these areas. Staining with DAB appear brownish, Fast Red stained cells are stained in red colour. Magnification 100Â. Number of positively staining cells with smooth muscle phenotype in cell rich lesion areas: IRF-1, 78.7AE 10.2%; p21, 55.3AE 9.2%, Ki67 1.0AE 1.1%.
hours after plating Ad-IRF-1 or as a control Ad-lacZtransduced cells into the Boyden chamber, cells on the bottom side of the membrane were stained and 10 random 100 Â power fields counted on an inverted microscope. There was a highly significant decrease of migration when cells were transduced by IRF-1 (IRF1, 17 AE 3.4 cells, lacZ 67.8 AE 8.8; P < 0.01). The experiment was repeated twice with similar results.
Overexpression of IRF-1 in vivo leads to significant limitation of neointima formation
Since IRF-1 displays potent anti-proliferative and antimigratory effects in human coronary artery smooth muscle cells, recombinant overexpression of IRF-1 may have therapeutic relevance by limiting the formation of restenotic lesions.
To determine whether overexpression of IRF-1 is sufficient to limit neointima formation in vivo, recombinant adenovirus was delivered into the lumen of previously injured rat common carotid arteries. Gene transfer efficacy was monitored by ß-galactosidase staining of Ad-lacZ transduced arteries. Compared with Ad-lacZ, there was a significant decrease in neointima formation in IRF-1 treated arteries (Fig. 5) . p21 expression was examined at day 3 following intraluminal gene transfer by immunohistochemistry. Consistently, IRF-1 overexpressing cells showed enhanced p21 levels (Fig. 4c) , whereas non-IRF-1 expressing cells lacked p21 expression. Therefore, overexpression of IRF-1 is able to attenuate neointima formation following vascular injury probably through induction of p21. This supports the hypothesis that endogenous expression of IRF-1 is important to limit smooth muscle cell proliferation and thus neointima formation in vivo. 
DISCUSSION
Atherosclerosis and restenosis following percutaneous vascular intervention are common diseases, especially in industrialized countries. To fully understand the pathology and to appreciate why only a subgroup of patients are affected by these diseases, it is essential to identify protective genes which are endogenously activated to limit neointima formation. These genes may also serve as potential therapeutic targets to prevent neointima formation and may account for genetic disposition for restenosis.
IRF-1 was initially characterized as a transcription factor involved in interferon beta regulation. Recently, IRF-1 was found to regulate proliferation and differentiation of various cell types and the gene was characterized as a tumor suppressor (for review see 9). IRF-1 is a critical determinant of oncogeneinduced cell transformation or apoptosis (22) and has been demonstrated to play a role in the regulation of DNA repair (23) . Loss of the IRF-1 gene, which maps to chromosome 5q31.1, can be frequently found in human leukemia and preleukemic myelodysplastic syndromes (24) . A recent report suggests that there may be a loss of IRF-1 expression in human breast cancer (25) . Loss of IRF-1 increases tumor susceptibility in mice carrying the Ha-ras oncogene or in animals deficient of the tumor suppressor gene p53 (26) . On the other hand, IRF-1 is able to suppress growth of hepatocellular carcinoma cells and is regarded as a potential candidate for gene therapy of hepatocellular carcinoma (27) .
The importance of IRF-1 as a tumor suppressor in eukaryotic cells is underscored by the finding that IRF-1 and p53 share a common transcriptional regulatory element (15) , indicating that they may regulate some common effectors. Overexpression of p53 in VSMC leads to cell cycle arrest in G 1 phase and inhibits mitogen induced cell proliferation (28) . A key target of p53 induced G 1 arrest is p21. Since we also observed growth arrest after IRF-1 overexpression we sought to determine whether the antiproliferative effect of IRF-1 includes the induction of p21. Accordingly, human atherectomy samples were immunostained to characterize the expression pattern of IRF-1, p21 and the S-phase marker KI-67. We found IRF-1 upregulation in 85% of the specimens. IRF-1 stained predominantly in cell rich lesion areas and colocalized frequently with p21. KI-67 was rarely detected in these regions suggesting inhibited cell proliferation. There was no colocalization of IRF-1 and KI-67. IRF-1 level, frequency and colocalization with p21 implies a substantial anti-proliferative role for IRF-1 in vascular smooth muscle cells. Therefore, the molecular and cellular effects of recombinant IRF-1 overexpression were examined in this particular cell type.
IRF-1 was found to be consistently upregulated in quiescent smooth muscle cells of human neointima. To elucidate the significance of IRF-1 in limiting neointima formation, we analyzed a model of IRF-1 deficiency. Accordingly, we utilized IRF-1 À/À mice and applied the carotid flow cessation model to induce neointima formation. This model represents an established vascular injury model in mice (29, 30) . As in humans, the development of neointima in mice following vessel injury is highly dependent on the genetic background (31) . For example, FVB mice display a high degree of neointima formation following carotid ligation. However, wild-type C57BL/6J mice as they were utilized in our studies do not necessarily develop a high degree of neointima after vascular injury (32). Since we expected an increase in neointima formation in case of a deficiency in IRF-1 expression, we decided to use mice with the C57BL/6J background that display a low degree of neointima formation in the wild-type scenario. Consistent with our hypothesis, IRF-1 À/À mice revealed a pronounced increase in neointima formation compared with wild-type C57BL/6J mice. These data demonstrate that endogenous IRF-1 has potent growth inhibitory effects in vivo following vessel injury. This finding may not only be crucial for the pathophysiology and therapy of restenosis, but may also be important for clinical risk stratification for restenosis. Since there are known polymorphisms in the IRF-1 gene (33), a polymorphism in the IRF-1 gene may be one of the candidates responsible for genetic susceptibility to restenosis. Therefore, it would be challenging to identify various polymorphisms and their prognostic value in order to identify patients with increased risk for coronary restenosis.
IRF-1 is a pluripotent transcription factor. Its anti-tumor effects are present even in the absence of interferons (34) . In fact, we were never able to demonstrate significant interferon beta levels in CASMC overexpressing IRF-1 by ELISA. Inhibition of mitogen-induced coronary vascular smooth muscle cell proliferation by IRF-1 as demonstrated here is based on several partially independent mechanisms. Our data demonstrate an IRF-1 induced growth arrest of CASMC in G 0 /G 1 . The activity of a major G 1 /S-Kinase, cyclin A/cdk2 was inhibited by IRF-1 in a dose-dependent manner. It was shown previously that p21 efficiently inactivates cyclin A/cdk2 kinase (14) . In transformed leukaemia cells, it has been demonstrated that IRF-1 may induce p21 (16) . In primary cultured coronary artery smooth muscle cells, we could confirm that p21 is induced by IRF-1. Immunohistochemical analysis of p21 expression in IRF-1 transduced rat carotid arteries revealed enhanced p21 expression in IRF-1 overexpressing cells. In human atherectomy samples we also found a consistent pattern of p21 expressing cells in IRF-1 expression areas. Accordingly, in regions with low or no detectable IRF-1 expression, p21 expression was also rare or non detectable. Thus, it could be demonstrated that induction of p21 by IRF-1 is an important mechanism in the IRF-1 induced G 1 arrest.
An additional mechanism by which IRF-1 may induce cell cycle arrest in coronary artery smooth muscle cells is the induction of NO. It is known that IRF-1 can bind to the NOS2 (inducible nitric oxide synthase) promoter (11), thus promoting NO release. In the heart, IRF-1 has been found to be a major regulator of NO release following inflammatory heart disease (35) . Nitric oxide is capable of inducing cell cycle arrest in various cell types (20) and is known to improve endothelial function (36) . We could show that IRF-1 overexpression induces NO in CASMC. Since NO may limit neointima formation following vascular injury (21), IRF-1 mediated NO release may contribute to the inhibition of restenosis.
Interestingly, IRF-1 was not only able to inhibit CASMC proliferation but was sufficient to inhibit CASMC migration towards a fibronectin gradient in a Boyden chamber system. Besides the inhibition of CASMC proliferation and the re-establishment of endothelial function, abrogating cellular migration is believed to be essential to prevent coronary restenosis. The precise mechanism remains elusive; however, it is known that IRF-1 can bind to the VCAM-1 promoter (37) and thus regulate integrin expression. Alternatively, CKI of the cip/ kip family have been shown to interfere with smooth muscle cell migration (38) . Therefore, induction of p21 may also be responsible for the inhibition of CASMC migration by IRF-1.
We were able to show that IRF-1 interferes with every single component of the triad of mechanisms that are necessary to prevent restenosis: inhibition of SMC proliferation, inhibition of SMC migration and potential improvement of endothelial function through NO induction. The IRF-1-mediated inhibition of mitogen-induced proliferation blocks the cell cycle in G 1 , a mechanism which is believed to have excellent therapeutic value because of its ultimate position in proliferative cellular signalling pathways (39) . To verify the hypothesis that overexpression of IRF-1 in the vessel wall attenuates neointima formation, we applied the rat carotid injury model. We could demonstrate that overexpression of IRF-1 leads to significant reduction of neointimal hyperplasia. Therefore, we conclude that overexpression or induction of IRF-1, for example by interferon b, which is also known to exhibit cell cycle inhibitory properties in vascular smooth muscle cells (40) , may be an interesting strategy to prevent restenotic processes. Interestingly, it has been shown that recombinant overexpression of the interferon beta gene in a porcine PTCA model reduces neointima formation significantly (41) .
To our knowledge, this is the first report which characterizes IRF-1 as a central inhibitor of restenosis.
In conclusion, we demonstrate that: (i) IRF-1 is an important endogenous inhibitor of neointima formation in vivo; (ii) immunohistological assessment of human restenotic lesions suggests a role for IRF-1 in the limitation of neointimal hyperplasia in man; (iii) the anti-proliferative mechanisms initiated by IRF-1, which have been in part characterized previously in different cell systems, are evident in coronary artery smooth muscle cells. This includes cell cycle inhibition in G 1 and induction of p21 and NO; (iv) further, IRF-1 inhibits mitogen-induced smooth muscle cell migration. Considering the low degree of neointima formation in wild-type animals and the significant increase of neointima formation in animals lacking the IRF-1 gene together with the consistently upregulated IRF-1 levels in human neointima, IRF-1 may be considered as a key endogenous inhibitor of neointimal hyperplasia. Eventually, interferon regulatory factors may be an interesting target for interventions to prevent neointimal hyperplasia.
MATERIALS AND METHODS
Cell culture
The cell lineage exclusively utilized were human coronary artery smooth muscle cells (CASMC), obtained from Clonetics/BioWhittaker, Walkersville, Maryland and used in passages lower than 10. Cells were maintained in SMBM 1 Medium (BioWhittaker) including 0.5 mg/ml hEGF, 5 mg/ml insulin, 1 mg/ml hFGF, 50 mg/ml Gentamicin and 10% FBS. For cell cycle synchronization, serum was withdrawn from culture medium for 72 h. Twenty-four hours prior to mitogen stimulation with 10% FCS and 10 ng/ml PDGF, cells were transduced by the appropriate adenovirus vector encoding for IRF-1 (Ad-IRF-1) or ß-galactosidase (Ad-lacZ) at a multiplicity of infection (MOI) of 100.
BrdU ELISA
Bromodeoxyuridine ELISA was performed using the Cell Proliferation ELISA BrdU kit (colorimetric) from Roche, Mannheim, Germany, according to the protocol of the manufacturer. The assay was performed 24 and 48 h post stimulation. Cells were exposed to a 10 mM BrdU pulse 12 and 1 h prior to analysis.
Flow cytometry
Cell cycle was monitored by flow cytometry (FACSCalibur, Becton Dickinson, Franklin Lakes, NJ, USA) using propidium iodine (Cycle Test TM Plus DNA Reagent Kit, Becton Dickinson) according to the protocol of the manufacturer. Cells were harvested 24 and 48 h post-mitogen stimulation. Software based cell cycle analysis was performed by ModFit 2.0 software (Verity, Topsham, ME, USA).
Kinase assay
Cyclin A was immunoprecipitated using the polyclonal antibody T310 as described previously (42) . Immunoprecipitations and western blotting techniques have been described elsewhere (42) . Kinase assays were performed at 30 C for 30 min in kinase assay buffer (50 mM Tris-HCl at pH 7.2, 10 mM MgCl 2 ) containing histone H1, ATP (200 mM), g
[À32P] ATP, as described earlier (42) .
p21 cotransfection and western blotting
Coronary artery smooth muscle cells were transfected with a reporter plasmid vector containing luciferase under the control of the p21 promoter using Fugene 1 transfection reagent (Roche, Mannheim, Germany). Lucerifase expression assay and western blotting were carried out as previously described (43) . The following antibodies were used: IRF-1 catalog no. sc-497 (rabbit polyclonal, Santa Cruz Biotechnology, Santa Cruz, Ca, USA), p21 catalog no. 610233 (mouse monoclonal, BD Biosciences, San Diego, Ca, USA).
Migration assay
The Chemicon (Temecula, CA, USA) QCM TM -FN Assay was utilized to measure cell migration towards an immobilized extracellular matrix protein gradient towards fibronectin (haptotaxis) in a Boyden chamber system. The kit was applied according the protocol of the manufacturer using 2.5 Â 10 4 cells per well in the assay. Twenty-four hours after incubation cells on the bottom side of the chamber were fixed and stained with 1% crystal violet solution. Cells were counted on an inverted microscope within ten randomly assigned 100Â power fields per chamber.
NO assay
A colorimetric Nitric Oxide Synthase Assay Kit (Calbiochem, San Diego, CA, USA) was used according to the protocol of the manufacturer.
Mouse carotid flow cessation model
To induce neointimal hyperplasia in IRF-1 knockout (22) and wild-type mice of the same genetic background (C57BL/6J), the carotid cessation model was used as described (12) . For histomorphometry, mice were killed 28 days after ligation of the common carotid artery which was further embedded in paraffin. Morphometry was carried out 600 mm proximal of the ligation suture in the common carotid artery.
Rat carotid injury model
To determine the effect of IRF-1 overexpression on the prevention of neointimal hyperplasia, the rat carotid injury model was used as previously described (44) . Recombinant adenovirus was directly injected into the temporarily ligated common carotid artery at a volume of 0.2 ml and a concentration of 10 10 PFU virus. After 20 min incubation time, the ligatures were released and the external carotid artery was ligated. Fourteen days later, the common carotid artery was perfusion fixed with 10% formalin at physiological pressure and excised. For morphometry, Elastica-van-Giesson stained histology slides were scanned by a Zeiss Axiovert 100 system. Morphometric analysis was performed by SigmaScan 5.0 software (SPSS Inc., Chicago, IL, USA). All animal experiments were performed after approval according to section 15, paragraph 1, 'Deutsches Tierschutzgesetz' (German animal protection law).
Immunohistochemistry
Immunohistochemistry was carried out as previously described (12) . Briefly, formalin-fixed, paraffin-embedded sections were deparaffinized and stained with polyclonal rabbit anti-IRF1 (1:1000, catalog no. sc-497, Santa Cruz Biotechnology) and mouse anti-p21 (1:80, catalog no. M7202, DAKO, Hamburg, Germany) antibodies, using an avidin-biotin-peroxidase/alkaline phosphatase complex technique (12) . Human tissue was stained with the IRF1-polyclonal rabbit anti-IRF1 antibody (1:80), mouse anti-p21 (1:80; DAKO catalog no. M7202) and anti-Ki67 antibodies (1:250; DAKO catalog no. M7240). Specific binding of the antibodies was detected by Fast Red or DAB (DAKO). Negative controls were carried out by omission of the primary and secondary antibody as well as of a nonspecific antibody with identical immunoglobulin-subtype.
Statistical analysis
Unless mentioned otherwise, results are expressed as mean plus/minus standard error. The significance of variability amongst the means of the experimental groups was determined by one or two way analysis of variance (ANOVA), using SPSS for Windows V10.0 software. Differences among experimental groups were considered to be statistically significant when P < 0.05. B. Vogelstein for the p21 promoter construct and p53 expression plasmids.
